Objective. Quantitative sensorial tests (QST) are used for evaluating specific sensorial nerve function. In this study, QST and magnetic resonance imaging (MRI) findings are compared in lumbar disc herniation patients, and the accuracy of QST data was investigated.
Introduction
Although sciatica is a very common complaint among low back pain patients, there is no adequate consensus on treatment protocols except acute neurologic deficit evolvement. The general clinical daily approach for low back is to perform magnetic resonance imaging (MRI) after physical examination and, if there is disc herniation, accepting the patient as a candidate for surgery. There are studies showing that MRI can be used as a noninvasive and reliable tool to assess lumbar disc herniation for deciding treatment protocols [1, 2] . But unfortunately radiologic findings and symptoms of the patient are not always correlated [3] . And rapid evaluation of low back pain patients with MRI increases the number of spine operations [4] .
In mechanism-based pain diagnosis and treatment, the assessment tools should be sufficiently sensitive and advanced to deliver valid and credible information [5] . Tradiational neurophysiologic tests such as electromyography show large nerve fiber functions but cannot evaluate the small nerve fiber functions that are responsible for pain transmission. Quantitative sensorial tests (QSTs) are used for specific fiber functions [6] . QST collectively refers to a group of procedures that assess the perceptual responses to systematically applied and quantifiable sensory stimuli for the purpose of characterizing somatosensory function or dysfunction [7] . QST is a sensitive method for evaluating sensorial loss or neuropathic component due to radicular compression [8] . By this method, not only are large myelinated A-beta fibers evaluated, but small myelinated A-delta fibers and unmyelinated C-fibers are also evaluated [9, 10] .
Multiple QST methodologies are available, including numerous stimulus modalities and ranging from unidimensional approaches, such as sensory or pain threshold, to more complex dynamic measures of endogenous pain modulatory function. The specific QST methods applied in any given setting should be based on the specific clinical and research questions being asked. A number of methodologies can be used to measure sensory detection or pain thresholds, but the most common is the method of limits due to its ease and quick administration [7] .
Vibration detection threshold (VDT), heat detection threshold (HDT), cold detection threshold (CDT), and heat pain detection threshold (HPDT) are the four main tests used for the evaluation of three major peripheral primary afferent nerve fibers' functions that can be affected by spinal nerve root compression. The function of A-ß is tested by VDT, A-by CDT and HPDT, and C-fibers by HDT and HPDT.
In this study, we aimed to investigate the possible correlation of QST results with MRI findings in lumbar disc herniation and to test if QST can be instructive for the treatment options of disc herniation besides MRI.
Material and Methods
The QST protocol and consent forms were reviewed and approved by the University Ethics Committee. Sixty-four patients suffering from radicular pain radiating to the leg below the knee with positive Lasegue's test were included in this study. The lumbar regions of all patients were examined with standard conventional MR sequences using the 1.5 Tesla MR Unit (GE SIGNA HDX 1.5 T scanner). Standard conventional MR imaging consisted of T1 and T2 weighted fast spin echo images in the sagittal and axial planes. Patients with L4-5 level discopathy and related L5 dermatome complaints were chosen for this study. Exclusion criteria were known or possible peripheral neuropathy, past lumbar surgery, multiple level discopathy or bilateral pain, and radicular compression.
MRI findings were graded according to Pfirrmann classification by a radiologist (GYO) blinded to QST and clinical findings (Table 1; Figure 1 ) [8] .
After MRI, four different sensory modalities (VDT, HDT, CDT, and HPDT) of the relevant dermatomes were evaluated by QST using CASE IV System (CASE IVTM System, Hardware Version 3.4 -WR Medical Electronics Co. Stillwater, MN, USA). All tests were performed by the same MRI blinded doctor (SCE). These four tests were used for the evaluation of three major peripheral primary afferent nerve fibers' function that can be affected by spinal nerve root compression. The function of A-beta fibers was tested by VDT, A-delta fibers by CDT and HPDT, and C-fibers by HDT and HPDT. These four tests are accepted as sufficient to test the possibly affected afferent fibers.
QST Testing
The patients are instructed to have a good night's sleep before the test, and sedatives, tranquilizers, opiates, or stimulants were ceased at least 12 hours beforehand.
Tests were performed in an isolated room, from which distracting sounds and interruptions were excluded, at a comfortable room temperature (average 24 C). Patients sat on a standard chair for testing. Before each test, the operator read predetermined instructions to each patient and verified that the patient understood how to respond to test stimuli. During the testing period, patients were not able to see the computer screen. The dorsal part of the foot was chosen for L5 dermatome, and both asymptomatic and symptomatic limbs were examined.
For Vibratory Testing of the Foot
The toe being tested rested on a lump of putty (provided by the CASE IV, WR Medical Electronics Co., Maplewood, MN 55109, USA) to ensure that it would not twist or rotate. The Vibration Stimulator was placed on the midline of the big toe between the base of the nail and the first knuckle. Before the test started, the patients were instructed to keep the toe motionless during the test.
For Thermal Testing of the Foot
Excess moisture was removed by dabbing the skin with a dry towel. The foot was covered with a sock into which a hole had been cut. Also, the foot not being tested was cover with a sock. The Thermal Stimulator was placed on the dorsal surface of the foot. The operator checked that the stimulator was not loose and that it was comfortable for the patient. Vibration and thermal thresholds were determined using a 4, 2, 1 stepping algorithm, whereas HPDT was evaluated with a nonrepeating ascending with null stimuli algorithm. All four tests were evaluated according to instructions of CASE IV Sytem. Results were analyzed by "just noticeable differences" (JND) values.
JND Values
The CASE IV System uses a set of 25 standardized vibratory and thermal stimulation levels for patient testing and analysis. These 25 levels are termed "just noticeable differences." The concept of a JND is based on the fact that a sensitive person can detect fine differences between two levels of stimulation, whereas an insensitive person cannot. Because differences of less than one JND are difficult to distinguish, one JND is the smallest difference presented to patients (www.wrmed. com-Hardware User's Guide, version 3.4).
Statistical analysis was done with SPSS statistical Package for Social Sciences for Windows 20.0. The Student's t test, Mann-Whitney U test, chi-square, Kruskal-Wallis, and Pearson correlation were used.
Results
Eight patients with diabetes mellitus were excluded because of the possible overlap of clinical findings with diabetic polyneuropathy. Twenty-nine male (51, 7%) and 27 female (48, 2%) patients were included in the study: their age varied, with an average age of 47.6 years (18-70 years). Thirty-one patients were analgesic drug free while 19 of them were using nonsteroidal antiinflammatory drugs and six were using opioids. None of the patients were using pregabalin or gabapentin.
L5 dermatomes of both symptomatic and asymptomatic legs were examined with QST in all patients. Vibration detection threshold (VDT), heat detection threshold (HDT), cold detection threshold (CDT), and heat pain detection threshold (HPDT) values were obtained. There was strong significance between the symptomatic and nonsymtomatic dermatomes of the patients at all QST parameters (P ¼ 0.00) ( Table 2 ; Figure 2 ). Lumbar Disc Herniation with QST and MRI L4-L5 discopathy was detected by MRI in all patients. According to the Pfirrmann classification system, 11 patients (19.64%) were grade 1, 20 patients (35.71%) were grade 2, and 25 patients (44.64%) were grade 3. Table 3 shows the QST values of the symptomatic side ( Figure 3 ). There were significant differences at all QST values according to the incremental Pfirrmann grades. The significance was more prominent at VDT and HPDT.
In comparing symptomatic and asymptomatic dermatomes, there were significant differences between the grade 1 group and the nonsymptomatic dermatome at all QST parameters. This significance was more apparent at VDT and HPDT (P ¼ 0.006 and P ¼ 0.005, respectively), compared with HDT and CDT (P < 0.05) ( Table 4 ; Figure 4 ). On the other hand, there were highly significant differences between all QST variables of symptomatic grade 2 and 3 extremities and asymptomatic limbs (P ¼ 0.000).
Discussion
The results of this study show a positive correlation between disc-nerve root compression, which is detected by MRI and QST parameters. As nerve root compression and MRI grade increase, QST parameters, especially VDT and HPDT, also increase. This increase is seen in discopathies, which are in contact with the nerve root without displacement of the root, and is much more prominent in foraminal discopathies, which severely displace nerve roots.
The term radiculopathy refers to the whole complex of symptoms that can arise from nerve root pathology, including paresthesia, hypoesthesia, anesthesia, motor loss, and pain. The mechanism of nerve root pain is believed to be related to vascular congestion and peri-and intraradicular fibrosis, although pressure can play a contributing role. Accurate diagnosis of patients with spine-related pain is increasingly being recognized as important in helping clinicians make individual treatment decisions. Various authors have attempted to investigate improved methods of classifying or diagnosing patients with spine-related pain [9] .
Mosek et al. evaluated the potential of thermal sensory testing to serve as a diagnostic tool in 24 patients who had low back pain radiating down the S1 dermatome, compared with 26 pain-free controls. The method of limits was used to detect the thresholds of warm sensation, cold sensation, warm pain, and cold pain at the L4, L5, and S1 dermatomes of the symptomatic and the nonsymptomatic legs. They found that HDT and HPDT values did not differ but CDT and CPDT values were significantly different. The authors proposed that these findings indicated selective damage to the A-delta fibers, which are involved in the transmission of cold No evidence of involvement of C-fibers, which transmit warm sensation and pain, was found. They concluded that thermal testing should be considered among the testing modalities that are capable of demonstrating objective findings in patients with radiating low back pain [11] . The lack of significant threshold differences at HDT and HPDT values may in part be explained by the findings of Nygaard et al. In accordance with previous studies and their own results on peripheral nerves, they indicated that large nerve fibers are more damaged than small myelinated fibers during compression.
Also, Oishi et al. performed a histopathologic study in cervical compressive radiculopathy and showed an apparent decrease in the number of thick fibers, and thinning in the myelin cover also [12] . These studies support the hypothesis that an increase in nerve root compression grades affects QST changes related to histopathologic findings. Also these results are in correlation with our findings that in grade 1 patients the VDT was more prominent than in CDT and WDT. This may be explained by the vulnerability of thick fibers prior to thin fibers.
This may also explain the discrepancy between Mosek's results and ours. We found good correlation in all QST parameters (HDT, HPDT, CDT, CPDT), including HPDT. Samuelsson et al. also found similar results in 66 patients. In QST parameters, they found that CDT, HDT, and HPDT scores are significantly different in symptomatic patients with root compression [13] . The possible reason for this finding was while the A-delta fibers were affected, C-fibers were not because of the degree of compression. And, if vibration thresholds had been be examined by Mosek et al. [11] , they would have possibly noticed the A-beta fibers' functional defect too.
Cornefjor et al. performed a study about mechanical and biochemical injury of spinal nerve roots in pigs. They claimed that not only does compression have effects on nerve roots, but experimentally epidural nucleus pulposus administration may induce similar changes. In their study, they concluded that no statistical difference was recorded between combined application of nucleus pulposus and compression with only application of nucleus pulposus in nerve conduction velocities [14] .
On the other hand, in another study, Nygaard et al. found significant differences in VDT, CDT, and HDT, whereas HPDT was not different than the control group in lumbar discopathy patients [15] . But in this study, the The main limitation in our study was that the age of the patients was not homogenous, and we found statistical correlation in between increasing age and QST scores of VDT and HDT. But we believe that using the asymptomatic leg as control group reduced this negativity to a degree. On the other hand, there was not any correlation between CDT and HPDT values and increasing age (Table 5 ; Figures 5 and 6 ). 
Lumbar Disc Herniation with QST and MRI
Clinical symptoms, neurological findings, and MRI are not always in correlation in lumbar disc patients. Quantitative sensorial tests, which test the function of A-beta, A-delta, and C-fibers, are important, sensitive, and noninvasive methods for assessing sensorial loss and neuropathic components in lumbar disc pathologies. The determination with only MRI is limited. In grade 1 patients where MRI is negative for root deviation or compression, the increase in the thresholds of thick or thin fibers can be detected with QST. According to Olmarker et al., pain in sciatica is associated with both mechanical compression of the nerve root and with inflammatory mediators released from the injured disc [16] . This may indicate some degree of inflammation and irritation of the nerve root due to chemical substances in the epidural space and may reveal the possible efficacy of anti-inflammatory epidural steroid therapy in these patients.
The disadvantage of this technique is the special equipment and cooperative patient requirement, and it is also time consuming.
In conclusion, QST techniques have an additive effect for nerve root compression evaluation to MRI in lumbar disc patients that might enable more sensitive diagnosis and treatment protocols. In patients with incomplete correspondence between imaging and clinical findings, the diagnostic capacity of QST can also be an alternative method for evaluation of nerve root compression, especially in patients who have contraindications such as pacemakers, ferromagnetic implants, or aneurysm clips.
